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participants indicated whether probes had been among the to-be-attended or to-be-23 ignored numbers. In the electroencephalogram, alpha power was modulated in synchrony 24 with auditory attending versus ignoring. Importantly, eye closure did not only increase the 25 overall level of absolute alpha power but also the attentional modulation thereof. 26
Behaviourally, however, neither perceptual sensitivity nor response criterion was affected 27 by eye closure. To further examine whether this behavioural null-result would conceptually 28 replicate in a simple auditory detection task, a follow-up experiment was conducted that 29 required participants (N = 19) to detect a near-threshold target tone in noise. As in the main 30 experiment, our results provide evidence for the absence of any difference in perceptual 31 sensitivity and criterion for open versus closed eyes. In sum, we demonstrate here that the 32 modulation of the human alpha rhythm by auditory attention is increased when participants 33 close their eyes. However, our results speak against the widely held belief that eye closure 34 per se improves listening behaviour. 35 3 When we listen to faint sounds in noise-contaminated environments, we sometimes close 36 our eyes with the intention to strengthen the focus on auditory sensory input. In theory, eye 37 closure has been proposed to free perceptual and cognitive resources (Glenberg et al., 1998; 38 Vredeveldt et al., 2011) to focus attention on non-visual sensory information. But does eye 39 closure indeed have the potency to enhance auditory attention and perception? 40
There is some evidence that closing the eyes can improve performance in certain sensory 41 and cognitive tasks. Somatosensory perception thresholds decrease when participants have 42 their eyes closed compared to open, in an illuminated but even in a dark room (Brodoehl et 43 al., 2015b; Brodoehl et al., 2015a) . This speaks to the general potency of eye closure to 44 enhance perceptual processing. Evidence for enhanced cognitive capacity through eye 45 closure comes from studies showing that eyewitnesses' recall of the details of a crime scene 46 improves when they close their eyes during memory recall (e.g., Perfect et al., 2008; 47 Vredeveldt et al., 2012; Vredeveldt et al., 2015) . However, systematic investigations of the 48 impact of eye closure on perceptual and cognitive functions across sensory modalities are 49 sparse at best. 50
Evidence for listeners' use of eye closure as a strategy to improve listening is mostly 51 anecdotal. In his seminal paper establishing the Cocktail party effect, Colin Cherry (1953) 52 studied listeners' separation of two concurrent spoken messages and noted that "At the 53 subjective level the subject reported great difficulty in accomplishing his task. He would 54 shut his eyes to assist concentration." 1 Nowadays, it is common practice in auditory research 55 to put efforts into avoiding that participants close their eyes in the laboratory. It is all the 56 more surprising that there is to our knowledge no published work on the behavioural or 57 neural consequences of closing the eyes during attentive listening (but see Götz et al., 2017 58 for initial evidence from a combined somatosensory and auditory study). 59
Indirect evidence in favour of an eye-closure-induced modulation of auditory processing 60 comes from studies showing that eye closure in darkness increases the blood oxygen level 61 dependent (BOLD) contrast in auditory cortex regions (Marx et al., 2003; Marx et al., 2004 ) 62 and increases the acoustic reflex (Corcoran et al., 1980) , that is, a sound-induced muscle 63 contraction in the middle ear. Furthermore, eye position has been shown to impact activity 64 in inferior colliculus (Groh et al., 2001) and auditory cortex (Werner-Reiss et al., 2003) in 65 4 primates. The present study aims at testing whether eye closure affects one of the arguably 66 most abundant listening situations in everyday life, that is, listening to an auditory signal 67 despite distraction. 68
Neuroscience has actually long established an indirect link between eye closure and 69 auditory attention: It is known since the work by Hans Berger and Lord Adrian in the 1940s 70 that eye closure and auditory attention induce a similar electrophysiological response: an 71 increase in the power of alpha oscillations (~10 Hz) at parietal and occipital scalp sites 72 (Berger, 1929; Adrian and Matthews, 1934; Adrian, 1944) . More recently, high alpha power 73 has been interpreted as a means to relatively inhibit neural processing in task-irrelevant 74 brain areas (Jensen and Mazaheri, 2010; Foxe and Snyder, 2011) . Among other cognitive 75 processes that modulate the power of alpha oscillations, auditory tasks increase alpha 76 power in parieto-occipital cortex regions, possibly in order to increase attention to the 77 auditory modality (e.g., Fu et al., 2001; Weisz et al., 2011; Strauß et al., 2014) . 2016a). Furthermore, we have recently shown that modulatory brain stimulation at alpha 81 frequencies influences the degree of distraction by irrelevant speech (Wöstmann et al., 82 2018) . It is thus likely that alpha power is of functional relevance to auditory attention. The 83 rationale of the present study is the following: If the eye-closure-enhanced alpha oscillators 84 in parieto-occipital cortex regions (partly) overlap with the alpha oscillators active during 85 auditory attention, then closing the eyes should increase the auditory attention-induced 86 modulation of alpha power. Beyond effects on neural oscillatory dynamics, we here tests 87 whether eye closure also has the potency to improve behavioural performance in auditory 88 attention and perception. 89
In the main experiment, participants (N = 22) selectively attended to one of two 90 alternating streams of spoken numbers. We operationalized successful auditory attention as 91 the difference in neural and behavioural responses to to-be-attended versus to-be-ignored 92 speech segments. To rule out that effects of eye closure were due to the simple blocking of 93 the task-irrelevant visual scenery, participants performed the task in a darkened chamber, 94 with eyes open or closed during half of the blocks of the experiment. In a follow-up 95 experiment, we tested the impact of eye closure on the detection of non-speech stimuli in 96 noise in a separate sample of participants (N = 19). 97 positions (for 20 trials with three probes each) were predefined: Number positions 1, 2, 9, 139 and 10 were probed three times each; number positions 3, 4, 7, and 8 were probed seven 140 times each; and number positions 5 and 6 were probed ten times each. 141
During the whole trial a grey fixation circle was presented in the middle of a black 142 computer screen placed in front of participants. Trials were separated by a time interval of 143 1.3 s. All ten numbers presented in a trial were excluded from reoccurring in the subsequent 144 EEG recording and preprocessing. In the main experiment, participants were seated in an 218 electrically shielded sound-attenuated EEG chamber. While they were prepared for EEG 219 9 recordings, they performed a feedback-based training session (10 trials) with eyes open and 220 lights on to get used to the task. 221
The electroencephalogram (EEG) was recorded at a sampling rate of 1 kHz with a pass-222 band from direct current (DC) to 280 Hz (actiCHamp, Brain Products). Sixty-four Ag/AgCl 223 electrodes were fixed to an elastic cap (actiCAP) according to the extended 10-20 standard 224 system at the following positions: FP1/2, AF3/4/7/8, F1-8, FC1-6, FT7-10, C1-6, T7/8, CP1-225 6, TP7-10, P1-8, PO3/4/7/8, O1/2, FPz, AFz, Fz, FCz, Cz, CPz, Pz, POz, and Oz. The ground 226 electrode was mounted on the forehead (FPz). During recording, electrodes were 227 referenced against the left mastoid (TP9) and all impedances were kept below 5 kΩ. topographies, and frequency spectra were inspected for artefacts (i.e., eye blinks, saccades, 242 cardiac activity, and other muscle activity). On average, 50.48% of components (SD = 11.22) 243 were removed from the data. Further, single epochs were removed from the data if any 244 channel's activity range was greater than 250 μV within the time interval of the number 245 stream in noise (0 to 13.53 s). On average 1.8% of epochs (SD = 2.64) were excluded from 246 further analyses. All epochs were re-referenced to the average of all electrodes. 247
In the follow-up experiment, the EEG was recorded but not analysed for the purpose of 248 the present study. eyes were obtained using non-parametric Wilcoxon signed rank tests for EEG frequency 10 306
Hz and modulation frequency 0.375 Hz for each grid point (Fig. 3D) . 307
Statistical analyses. We applied parametric t-tests when the data conformed to normality 308 assumptions (p > 0.05 in Shapiro-Wilk test) and non-parametric Wilcoxon signed rank tests 309 otherwise. For effect sizes, we report requivalent (Rosenthal, 1994; Rosenthal and Rubin, 2003) , 310 which is bound between 0 and 1. For non-significant results of statistical tests, we 311 additionally report the Bayes Factor (BF; obtained in JASP). In brief, a BF > 3 gives support for 312 the alternative hypothesis (i.e., the data would be considered 3 times more likely to occur 313 under the alternative hypothesis than under the null), whereas a BF < 0.33 gives support for 314 the null hypothesis (Jeffreys, 1939) . 315
Results 316
In the main experiment, we presented participants with two alternating streams of five 317 spoken numbers, each. The leading stream (stream A; grey numbers in Fig. 1A) was 318 distinguishable from the lagging stream (stream B; black numbers in Fig. 1A ) by talker 319 gender (female vs. male). Every female-voiced number was thus followed by a male-voiced 320 number and vice versa. On each trial, participants were instructed to attend either to the 321 stream spoken by the female or male voice, which was either the leading or lagging stream. compared with open eyes ( Fig. 2A ; Wilcoxon signed rank test; z = 3.26; p = 0.001; r = 0.7), 328 primarily in occipital cortex regions (Fig. 2B) . 329
Second, and less expected, eye closure also affected the time course of absolute alpha 330 power during a trial (Fig. 2C) . For open eyes, alpha power showed the typical moderate 331 increase in the beginning of a listening task (e.g., Wöstmann In order to descriptively trace these alpha power de-/increases, we fitted power functions to 335 individual participants' alpha time courses. Exponential coefficients of fitted power 336 functions were significantly smaller (i.e., negative instead of positive) for closed compared 337 with open eyes (Wilcoxon signed rank test; z = -2.03; p = 0.042; r = 0.43), which shows that 338 eye closure reverses the commonly observed alpha power increase at the onset of an 339 attention-demanding listening task into a power decrease. 
395
Effect of closing the eyes is specific to power, but not phase of neural oscillations. As a 396 control analysis, we tested whether the observed increase in the attentional modulation of 397 neural oscillations with closed eyes was specific to power or whether it would also show up 398 15 in the phase-locking across trials (which would speak to evoked, rather than induced power 399 modulation; see Wöstmann et al., 2017) . To this end, we performed the very same analysis 400 as shown for power in Figure 3 for inter-trial phase coherence (ITPC; Lachaux et al., 1999) . 401
During a trial of the selective listening, low-frequency (0-8 Hz) ITPC peaked at the onsets 402 of spoken numbers (Fig. 4A) . The attentional modulation of ITPC (Fig. 4B&C) of each trial of the main experiment, we presented participants with three random numbers 414 previously presented in that trial (spoken by a gender-neutral voice). Participants indicated 415 for each of these probe numbers, whether it had been among the to-be-attended numbers 416 ('Yes, attended'-response) or not ('No, ignored'-response). We tested whether the 417 attentional modulation of alpha power would relate to behavioural performance. 418
First, we calculated modulation spectra (see Fig. 3C ), separately for correct trials (3 correct 419 responses) and incorrect trials (< 3 correct responses). The attentional modulation of 10-Hz 420 power at 0.375 Hz averaged across 17 occipital electrodes (highlighted in Fig. 2B) was 421 submitted to a 2 (Eyes: open vs. closed) x 2 (Accuracy: correct vs. incorrect) repeated-422 16 measures ANOVA. The ANOVA yielded a weak main effect of Accuracy (F1, 21 = 4.17; p = 0.054), 423 indicating a tendency for stronger attentional alpha power modulation for correct 424 compared to incorrect trials. The Eyes x Accuracy interaction was not significant (F1, 21 = 0.09; 425 p = 0.77). Note, however, that this analysis is not capable of expressing task accuracy in terms 426 of sensitivity and bias, and that results of this analysis might be somewhat confounded by 427 different proportions of correct trials (on average 42 %) and incorrect trials (on average 58 428 %). 429
Thus, in a second analysis, to obtain a more robust within-subject measure of the brain-430 behaviour relation, we followed a leave-half-out (LHO) subsampling approach: For each 431 participant, we randomly sampled 50 % of trials in each condition of the 2 (Attended stream: 432 A vs. B) x 2 (Eyes: open vs. closed) design. We repeated this step 1,000 times to obtain 1,000 433 LHO estimates of d' (termed d'LHO) and criterion (termed cLHO). For the same subsamples we 434 obtained 1,000 LHO estimates of the attentional alpha power modulation (termed 435 attentional alpha modulationLHO). Figure 5A conditions: t21 = 1.17; p = 0.26; r = 0.25; BF = 0.41; open eyes: t21 = 1.10; p = 0.283; r = 0.23; BF 443 = 0.38; closed eyes: t21 = 1.18; p = 0.25; r = 0.25; BF = 0.41). Taken together, evidence from 444 these two analyses of the brain-behaviour relation speaks to a weak relation at best of the 445 attentional alpha power modulation at the neural level and task performance at the 446 behavioural level. 447
Of note, the same analysis procedure did not reveal an obvious relationship of attentional 448 alpha modulationLHO and response bias (cLHO; across conditions: t21 = -0.90; p = 0.377; r = 0.19; 449 BF = 0.32; open eyes: t21 = -0.501; p = 0.618; r = 0.11; BF = 0.25; closed eyes: t21 = 1.21; p = 450 0.24; r = 0.26; BF = 0.43). 
464

Closing the eyes does not affect behavioural indices of attention and tone detection. 465
Finally, we tested whether closing the eyes would relate to behavioural performance. In the 466 main experiment, perceptual sensitivity in separating to-be-attended from to-be-ignored 467 numbers (d') was well above zero, i.e., chance level ( Fig.5C ; open eyes: t21 = 12.19; p < 0.001; 468 r = 0.94; closed eyes: t21 = 9.36, p < 0.001; r = 0.9) but did not differ for closed versus open 469 eyes (t21 = 0.45; p = 0.654; r = 0.1; Bayes Factor, BF = 0.24). Participants' criterion (c) was larger 470
than zero (open eyes: t21 = 1.9; p = 0.071; r = 0.38; closed eyes: t21 = 2.19; p = 0.04; r = 0.43), 471 which indicates that participants had an overall conservative bias to respond 'No, ignored' 472 more often. However, the criterion was largely unaffected by eye closure (t21 = 1.03; p = 473 0.313; r = 0.22; BF = 0.36). 474 18 We further investigated whether the behavioural null-effects of closing the eyes were 475 specific to a task involving selective listening to speech, or whether they would conceptually 476 replicate in a task that does neither involve speech stimuli, nor the necessity to retain target 477 stimuli in memory. 478 Accordingly, in the follow-up experiment, participants (N = 19) had the task to detect a 479 near-threshold target tone in noise (Fig. 5D ). The Signal-to-Noise Ratio (SNR) of the target 480 tone in noise was titrated for each participant before the experiment. The mean titrated SNR 481 was -7 dB (SD = 1.55), which resulted in an average proportion correct of 0.646 (SD = 0.079) 482 in the experiment. The present study sought to test whether closing the eyes during listening has the potency 497 to enhance neural and behavioural indices of auditory attention. The major findings can be 498 summarized as follows. As expected, closing the eyes during listening increased the level of 499 absolute alpha power. Importantly, however, eye closure amplified the neural alpha power 500 difference in attending versus ignoring speech, that is, the neural separation of relevant and 501 irrelevant acoustic input. Finally, debunking the belief that eye closure per se improves 502 listening, we provide evidence for the absence of an effect of closing the eyes on sensitivity interpreted this alpha increase as "a positive activity that fills those parts of the cortex which 516 are for the moment unemployed." 2 517
We here observe that eye closure propels alpha power outside the dynamic range 518 observed with open eyes (Fig. 2C ). Since we used eye closure in this study as a means to 519 modulate alpha power, it can be considered a method of endogenous neuromodulation, 520 comparable to (exogenous) perturbation methods such as transcranial alternating current 521 stimulation (tACS; Herrmann et al., 2013) . However, eye closure appears to induce much 522 stronger increases in alpha power, which was also demonstrated by Neuling et al. (2013) , 523 who showed that alpha-tACS increases neural alpha power only in a regime of low alpha Closing the eyes enhances the attention-induced alpha modulation. In the present 529 selective listening task (main experiment), a listener's intent to attend versus ignore spoken 530 numbers was accompanied by respective states of high versus low alpha power (Fig. 3) . This 531 agrees with previous findings of alpha power modulation in temporal synchrony with 532 The most important finding of this study was that eye closure not only increased the 536 overall level of absolute alpha power, but also strongly enhanced the attentional 537 modulation thereof. Enhanced alpha power modulation with closed eyes was generally 538 wide-spread in topography but localized mainly in non-auditory, parieto-occipital cortex 539 regions. Alpha power increases in these regions have been associated with inhibitory 540 control of supramodal attention networks (e.g., Banerjee 
